Osmotic regulation in the flageflate Ochromonas malhamensis Pringsheim is mainly mediated by fluctuations in the pool size of agalactosyl-(1--1)-glycerol (isoflondoside). A regulated key enzyme of isofloridoside metabolism is the galactosyl tanferase producng isofloridoside phosphate. The activity of this enzyme in crude extracts can be increased 5-to 20-fold by incubation at pH 6. The activation occurs in a reaction with a Q,o of 1.5 to 3 and is dependent on time and pH value.
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Inactivation of the activated form of the enzyme is also time-dependent, and is minimls at the pH value at which activation is optimal. The data suggest a regulation of the enzyme by chemical modifiction due to the action of auxiliay enzymes.
Osmotic regulation in the golden brown flagellate Ochromonas is mainly mediated by fluctuations in the pool size of IF (5, 6, 13) . Chase experiments showed a rapid turnover of the pool even at constant size. Regulation occurs at enzymic steps involved in the formation, as well as those involved in the degradation of IF (4) . Changes in pool size of intermediates of the IF-pathway after alterations in outside osmotic pressure (10) indicate that one of the regulated enzymes may be the UDPgalactose:sn-glycero-3-phosphoric acid 1-a-galactosyl transferase (IFP-synthase). This assumption gains support by the observation that the apparent activity of the enzyme is higher in extracts from cells which were exposed to an increased osmotic pressure before homogenization (7) . Addition of the osmotic agent after homogenization did not result in a similar increase. Kauss and Schobert (7) concluded that the enzyme is not directly affected by the higher osmotic pressure, but metabolic activities of the living cell were required to effect the change in the activity of IFP-synthase.
The IFP-synthase is apparently unstable (7, 9) , and maximally 20-fold purification could be achieved by ion exchange chromatography (9) . This preparation showed strongly sigmoid kinetics when assayed with varying concentrations of its substrate UDPgalactose. However, effectors for an allosteric regulation were not found. In the present contribution, we report data suggesting an alternate mechanism for the regulation of the IFP-synthase.
MATERIALS AND METHODS
Ochromonas malhamensis Pringsheim was grown after 2.5 % (v/v) inoculation for 2 days in a defined medium with 10 The labeled glycerophosphate and IF-phosphate were separated by electrophoresis and the latter counted by liquid scintillation directly on the paper as described before (7). All measurements of the IFP-synthase activity were run in duplicate, mean values are given.
RESULTS
The previous observation that the IFP-synthase has a higher apparent activity in extracts from osmotically stressed cells (7) is again evident from Figure 1 (values at minus 1 min). In any case, the activity of IFP-synthase was considerably raised by a timedependent reaction when the extracts were incubated at a pH value lower than the pH value found to be optimal for the transferase assay. Activation was not observed when the extracts were incubated at pH 7.8 for the indicated times (see also Fig. 2 , pH 7.8). In most cases, the activation was about 5 to 8-fold and was completed after about 2 to 3 min. In some experiments, activation was by far higher (see legend of Fig. 4 , 26-fold) or showed progress up to 6 min. Activation was always found to be less pronounced in extracts from osmotically stressed cells ( Fig.  1) , the maximal values being either slightly higher or lower than in nonstressed cells from the same culture batch.
The effect was optimal in a rather small pH range slightly above 6 (Fig. 2) , and was dependent on temperature (Fig. 3) . 6 . Samples of 1 ml were taken at the times indicated, adjusted back to pH 7.8 by addition of 10 ,ul of 2 N NaOH, and assayed for transferase activity. Values at -1 min were determined directly after the initial centrifugation step without pH adjustment. Influence of the pH value on the in vitro activation of the galactosyl transferase. The algae (60 milliosmoles) were homogenized without EDTA, cell debris were not removed (see "Materials and Methods"). Aliquots of 1 ml were adjusted to the pH value stated by addition of sufficient 1 M maleic acid. After incubation for 3 min at 25 C, the samples were readjusted to pH 7.8 with 2 N NaOH and assayed for transferase activity. The arrow indicates the activity of the crude extract without activation.
With the initial rates of activation at different temperatures, taken from Figure 3 and from other experiments, values for Q,o between 1.5 and 3 were calculated. Initially, the experiments were performed directly with homogenized cells (e.g. for Fig. 2 ). Similar results were obtained when debris was removed by centrifugation as described in "Materials and Methods" (Figs. 1,  3, and 4) . When the centrifugation step was carried out for 15 min at 100,OOOg, the pellet showed 5 to 30% of the total nonactivated IFP-synthase activity but no activation at pH 6, whereas in the supernatant, the activation could be demonstrated to the usual extent.
To find optimal conditions for the in vitro activation, we added different substances to the crude extract (Table I ). The activation was always markedly stimulated by the addition of EDTA or EGTA at 0.9 mm final concentration (Table I, exp. 1). Similar results were found with a final 10 mm concentration of EDTA. We, therefore, included EDTA in the standard buffer in which the algae were homogenized. Addition of thiols did not increase the extent of activation (Table I, exp. 2); however, we routinely included p-ME in the homogenization buffer as we had found before better apparent activities for the IFP-synthase under this condition (7) . Although addition of nucleotides such as ATP and GTP showed a slight effect in some experiments (Table I, exps. 1 and 3) they did not appear to be necessary for the activation, but may exhibit some influence during the IFPsynthase assay (Table I , exp. 1, line EDTA + ATP).
We observed during several types of experiments (e.g. Fig. 3 , 30 C curve, and Fig. 1, 66 or 152 milliosmoles) that IFPsynthase activity in the activated extracts was unstable. The loss of activity was time-dependent and was smaller at lower temperatures. A marked influence of the pH value on the degree of inactivation was observed (Fig. 4) . The decrease of the activity of the activated IFP-synthase was small at pH values around 6, conditions which were optimal for activation (Fig. 2) . In con- galactosyl transferase. Extract from 15 ml of algae (66 milliosmoles) was brought to pH 6 and activated for 4 min at 25 C as in Figure 1 . The algae were homogenized in the presence of 3-ME but without EDTA for experiment 1 and vice versa for experiments 2 and 3 (see "Materials and Methods"). Aliquots (2 ml) of the extracts were added to 0.05 ml of 1 M maleic acid and 0.2 ml of the 10 mm additives prior to the activation (pH 6 , 25 C, 3 min). After readjustment of the pH value (7.6 to 7.9), galactosyl transferase activity was measured.
galactosyl-transferase activity Exp. 1 Exp. 2 Exp. trast, almost complete inactivation occurred within 4 min at lower as well as at higher pH values (Fig. 4) . DISCUSSION Many examples for a new type of regulation of enzyme activity have been described in the last years for bacterial and animal metabolic enzymes (3) . In these systems, chemical modifications of the enzyme protein occur by covalent attachment and removal of modifying groups with the help of special modifying enzymes.
The most prominent modifying groups demonstrated are phosphate, AMP, ADP-ribose, and UMP, and the list of regulated enzymes includes e.g. glycogen phosphorylase, glycogen synthase, glutamine synthetase, as well as enzymes involved in developmental processes (1) (2) (3) 12) . One of the few examples for this type of enzyme regulation reported for plants may be the modification by dithiols of enzymes of the reductive pentose phosphate cycle (8) , whereas in most other plant systems, only regulation by allosteric effectors has been studied up to now (e.g. 14).
In vitro activation of the IFP-synthase from Ochromonas is dependent on time, temperature, and pH value. In the light of the bacterial and animal examples, this strongly suggests the participation of a chemical modification, most likely by a modifying enzyme. This modifying enzyme appears to be soluble and not to require divalent ions as inhibition by complexing agents was not observed (Table I ). The nature of the modifying group is not clear. Addition of ATP, GTP, or thiols appears not to be essential, but such substances may, alternatively, be present endogenously in the crude cell extracts in amounts sufficient to saturate the system.
The findings with the extracts from osmotically stressed cells ( Fig. 1) (11) . As a working hypothesis, we envisage that during shrinkage and swelling of the cells, changes in permeability of the plasma membrane for special solutes (e.g. protons) may occur which may lead to temporary changes in internal pH values. This hypothesis can cover, of course, only one aspect of osmotic regulation. In the past, the biochemistry of osmotic regulation has often been thought to be based on a direct influence of the osmotic conditions on metabolic enzymes (6) . It is clear, however, from theoretical considerations and evident from experimental data worked out with Ochromonas and other cells (e.g. red blood cells), that systems for osmotic regulations must work on the basis of complex mechanisms which work with feedback loops and allow, in addition, for entering signals from other physiological processes (6) .
Rather complicated interrelationships between the reactions of IF formation and IF degradation on the one hand and metabolic or structural requirements on the other hand can be predicted. This implies that in addition to pH changes, other parameters might be superimposed on the regulation of the IFP-svnthase. For such a purpose, a system involving activation and inactivation by chemical modification as indicated in the present report appears especially suited. Several of the known regulation mechanisms employing chemical modification of enzymes such as in glycogen metabolism of animals (3, 12) , or in glutamine metabolism of bacteria (1) , are of interest in this connection. They often work with amplifying control elements and cascades of several regulated enzymes which are either themselves modified chemically. Alternatively, the regulation of the modifying enzymes can occur by allosteric interaction of organic or inorganic cell constituents or with the help of nonenzymic regulatory proteins (1, 3) .
